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ABSTRACT: 

PROBLEM TO BE SOLVED: To further improve the power generating efficiency and service 
life of a thermoelectric conversion module. 

SOLUTION: In order to eliminate factors hindering the improvement of the power generating 
efficiency of the thermoelectric conversion module, the electrodes of the module are formed 
to have gentle projecting curved surfaces. Consequently, the projecting sections of the 
electrodes improve the thermal resistances and electrical resistances of the electrodes, while 
producing very thin liquid-metal surfaces, by pushing the liquid metal taking charge of 
bond to the side sections of the electrodes. In addition, it has been confirmed that when the 
thickness of the liquid metal applied to the electrodes is adjusted to <20 urn, the service life of 
the module is improved. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thermoelectrical conversion module which used the 
thermoelectric element. These thermoelectrical conversion modules are objects used also for the exhaust 
heat recovery of works, or the exhaust heat recovery of an automobile. 
[0002] 

[Description of the Prior Art] A current can flow and a thermoelectrical conversion module can obtain 
an electrical output, if electromotive force generates electrically two kinds of semi-conductor 
thermoelectric elements, p mold and n mold, when it connects with juxtaposition thermally and a 
temperature gradient is given between each joint, a serial and, and a load is connected outside. Thus, the 
principle changed into electrical energy from heat energy using a thermoelectric element is known well. 
[0003] The conventional thermoelectrical conversion module (only henceforth a "module") has arranged 
the thermoelectric element two-dimensional, and had taken the configuration of module which fixed 
each thermoelectric element to the electric insulating plate by approaches, such as soldering, 
[0004] Depending on the number of component pairs which constitutes the ingredient of a 
thermoelement, the magnitude of a component and a configuration, and a generation-of-electrical- 
energy module, it depends for the modular engine performance on the junction approach of the 
magnitude of an electrode, a configuration, a component, and an electrode further. 
[0005] For example, the magnitude of thermoelectric material of a component is 3. 2x3.2x1. 72mm using 
a bismuth tellurium system electrothermal semiconductor device, and an electrode is a 10.8x3. 8x0. 5mm 
piece of copper. The number of component pairs consists of 1 8 pairs, and when modular magnitude is 
50x50mm, in soldering, generation-of-electrical-energy conversion efficiency is about 3%. 
[0006] 

[Problem(s) to be Solved by the Invention] One factor which has barred improvement in generation 
efficiency is soldering, and the thickness of a pewter serves as thermal resistance, heat transfer and heat 
conduction are made difficult, electric resistance also becomes large, and it is reducing effectiveness. 
[0007] Moreover, although the "wettability" right and wrong in soldering have been one criteria of 
junction assessment, current is pursued for the best approach. Furthermore, when a void (hole) occurs in 
the pewter of a connection, the increment in the thermal resistance and the electric resistance which bar 
improvement in generation efficiency is induced. However, now, the method of preventing these 
generating is not found out. 

[0008] On the other hand, although changing to a pewter and using a liquid metal is also considered, 
since a liquid metal is a liquid in ordinary temperature compared with individual junction of a pewter 
etc., its chemical activity may be large, it may be diffused in a thermoelement, may form an alloy, and 
may induce the increment in thermal resistance or electric resistance. 
[0009] As a cure for this, the protective coat by metal plating, such as nickel, is given to the 
thermoelement. However, since this plating process is performed to a wafer-like component, if a 
component is started after plating therefore, it will be in the condition that plating processing is not 
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performed, in the side face of the component which is a logging side. 

[0010] If it does so, a liquid metal will diffuse into a thermoelement from a side face without plating 
processing, and will form an alloy. For this reason, generation efficiency began to decrease dozens to 
100 and dozens of hours after, and had the problem that a long life was unmaintainable. 
[0011] 

[Means for Solving the Problem] The invention in this application made the electrode the loose convex 
curved surface in order to eliminate the factor which has barred improvement in generation efficiency. 
The electrode of heights pushed aside by this the liquid metal which takes charge of junction to the 
flank, the very thin liquid metal side was made, and thermal resistance and electric resistance are 
improved. 

[0012] Simultaneously, in case a liquid metal is extruded, the operation which misses air bubbles on a 
side face worked, generating of a void was suppressed, and thermal resistance and electric resistance are 
improved. 

[0013] How to make a copper electrode with a loose convex curved surface should just use the bow side 
produced at the time of a fabrication, although press punching processing is adopted in case a copper 
plate is processed into predetermined magnitude. 

[0014] An example of the loose convex curved surface produced in press punching processing is shown 
in drawing 4 and 5. 

[0015] In order to lengthen a life, a liquid metal is preventing contacting a part without the protective 
coat of a thermoelement directly. The liquid metal applied superfluously will be protruded into the side 
face which cannot perform construction of the protective coat of a thermoelement. 
[0016] Only junction of the thermoelement and electrode which are the role of necessary minimum, 
********, and a liquid metal about coverage is achieved, and the surplus liquid metal made to shorten a 
life is not produced. 

[0017] The thickness of the liquid metal has [ that what is necessary is just 20 micrometers or less ] 

desirable 17 micrometers or less. 

[0018] 

[Embodiment of the Invention] Drawing 1 shows the operation gestalt of this invention, and is a 
decomposition perspective view before the assembly of a thermoelectrical conversion module. 
[0019] Drawing 1 shows the whole module of a plate moid, a thermoelectric element, 24 and 25, 
******, and 26 and 27 are grid-like electrode holders, the bore is formed in the shape of a grid, 
respectively, as for a plate-like electric insulation high temperature conduction substrate (henceforth a 
"substrate"), and 23, electrodes 24 and 25 fit loosely into these bores, and 22 is held movable within 
minute limits in the orientation. 30 is a grid-like component holder, and the bore is formed in the shape 
of a grid, a thermoelectric element 23 fits loosely into these bores, and it is held movable within minute 
limits in the orientation. 

[0020] On the occasion of assembly, the liquid metal (not shown) of a liquid is applied using the cotton 
swab etc. in ordinary temperature on the field which counters the thermoelectric element 23 of 
electrodes 24 and 25 beforehand. The liquid metal is applied also like both sides of a thermoelectric 
element 23. The grid-like electrode holder 27 is laid on a substrate 22, and an electrode 25 is fitted in 
loosely in the bore. 

[0021] Subsequently, the grid-like component holder 30 is laid on it, a thermoelectric element 23 is 
fitted in loosely in the bore, respectively, and the grid-like electrode holder 26 is piled up on it. An 
electrode 24 is made to fit loosely into each of the bore, and a substrate is piled up further. In addition, 
heat-conduction grease is applied to the inner surface side of a substrate if needed. 
[0022] The whole is fixed by inserting a bolt in the bore of a substrate and four corners of each holders 
26, 30, and 27 finally, using a nut (not shown) etc., or forming the tap screw thread in the hole of four 
corners of a substrate 22, and screwing in this. Under the present circumstances, a spacer is made to 
intervene between the grid-like electrode holder 26 which becomes an elevated-temperature side, and 
the grid-like component holder 30. In addition, SU **-SA may be made to be placed between both also 
between the grid-like electrode holder 27 which becomes a low temperature side, and the grid-like 
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component holder 30. 

[0023] If a spacer is put into an elevated-temperature side, it will prevent the grid-like electrode holder 
26 by the side of an elevated temperature falling. Moreover, if it puts into a low temperature side, drop 
of the grid-like component holder 30 will be prevented. 

[0024] Here, the liquid metal of a liquid is explained in the ordinary temperature used for this invention. 
As a liquid metal to be used, what melted the indium (ordinary temperature solid-state) is mentioned, for 
example to mercury and a gallium (it is a liquid at 30 degrees C). In the experiment from which drawin g 
2 mentioned later and the property shown in 3 were acquired, the gallium: indium used what was mixed 
at a rate of 3:1 by the weight ratio. In this mixing ratio, it is a liquid at a room temperature. Although it 
is a liquid when there are still more galliums, if the amount of an indium increases conversely by the 
above, a solid-state deposits, but if temperature is raised, it will melt. 

[0025] In addition, although there was also direct contact of electrodes 24 and 25 and a thermoelectric 
element 23, when a liquid metal was not used according to the result of an experiment, generation-of- 
electrical-energy actuation did not break out for the poor contact. 

[0026] High temperature conductivity ingredients, such as aluminum which performed pre-insulation 
processing with anodic oxidation and sealing, may be used for a substrate. A bismuth tellurium system 
electrothermal semiconductor device excellent in thermoelectrical conversion efficiency is suitable for a 
thermoelectric element 23 before 250 degrees C, and it arranges p mold component and n mold 
component by turns, and they carry out a series connection electrically. Electrodes 24 and 25 
(ingredient: copper, copper alloy, etc.) carry out the series connection of these thermoelectric elements 
23 electrically with a liquid metal (indium: a gallium [ Ingredient : ] a weight ratio 3:1), and 6btain final 
electric generating power from an electric-generating-power terminal. The grid-like electrode holders 26 
and 27 and the grid-like component holders 30 (ingredient: bakelite etc.) carry out the role which stores 
electrodes 24 and 25 and a thermoelectric element 23 in an orientation. 

[0027] Next, contact to electrodes 24 and 25 and a thermoelement 23 is described. The cross section of 
the shorter side of a rectangle electrode is shown in drawing 4, and the thermoelement pinched by two 
electrodes is shown in drawing 5. Thus, if the field which touches the thermoelement of the electrode by 
the side of an elevated temperature is formed in convex, a surplus contact surface liquid metal will be 
extruded in neighboring one, and will turn into only a liquid metal of the shape of very thin film in the 
contact section, and electric resistance and thermal resistance will decrease. 

[0028] The concrete way of making an electrode makes the metal mold of male Metz, and creates by 
piercing with a press machine. Therefore, although a configuration is a flat surface mostly, the curved 
surface produced in case it is pierced by the press machine is formed in the edge cross section of the 
rectangular whole corner. Since an electrode material is copper, it is that "sticky" and the cross section 
of cutting is not sharp. The electrode used for the experiment is 10.8x3. 8mm. 

[0029] The conversion efficiency at the time of using two output characteristics and convex electrodes, 
the thermoelectrical conversion module by soldering and the thermoelectrical conversion module 20 
using the liquid metal of an indium gallium (weight ratio 3:1), for drawing 2 is shown. The liquid metals 
1 and 2 of the presentation of size, construction material, and a liquid metal are the same, and show 
dispersion in data. The bismuth tellurium was used as a thermoelectric element 23. The "conversion 
efficiency" shown all over drawing is the rate of the electric generating power obtained from the 
thermoelectrical conversion module to the heat energy given to the thermoelectrical module. Moreover, 
"elevated-temperature side temperature" expresses the temperature by the side of the elevated 
temperature at the time of giving a temperature gradient to a module, and the cold end experimented by 
10-degree C chilled water cooling. According to drawing, when the convex electrode was used, it 
became clear that conversion efficiency improved about 0.5% compared with what is depended on a 
concave electrode even if it is the thing and liquid metal which are twisted in the conventional soldering. 

[0030] Next, the downward tendency accompanying the elapsed time of the conversion efficiency by the 
difference in liquid metal coverage is shown in drawing 3. When the thickness of the liquid metal 
applied to the electrode was 20 micrometers or less so that clearly from this drawing, it became clear 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web__cgi_ejje 



12/13/2007 



JP,2003-037300,A [DETAILED DESCRIPTION] 



Page 4 of 4 



that remarkable long duration conversion efficiency did not fall. 
[0031] 

[Effect of the Invention] In the thermoelectrical conversion module, by forming in a convex the 
direction which faces a thermoelectric element in the configuration of the electrode piece in contact with 
a thermoelectric element, the liquid metal of the contact surface became very thin, and electric resistance 
and thermal resistance decreased. Moreover, when thickness of the liquid metal applied to the electrode 
was made thin, the life improved considerably compared with the conventional thing. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



12/13/2007 



